Introduction
Dupuytren's disease (DD) is thought to be one of the most common connective tissue diseases in humans [30] , characterized by thickening and shortening of the palmar fascia resulting in flexion deformities of the digits [29, 64] . Early studies have shown that the contracture contains raised deposition of type III collagen [13] . In addition, studies have confirmed a proliferation of contractile fibroblasts [27] and myofibroblasts within the palmar fascia [10, 19] , which are thought to direct tissue contraction and formation of the characteristic fibrous bands and nodules [19, 37] (see Fig. 3 ). The major cellular element of the aponeurotic tissue in DD is thought to be the myofibroblast [27, 66] , with resemblance to both the fibroblast and the smooth muscle cell [37] . In recent years, there has been increasing interest into the molecular factors involved in DD initiation and progression with recent advances in molecular and cellular biology [23] . Since the initial description by Baron Dupuytren in 1831, a countless number of studies have focused on the etiology and epidemiology of the disease. However, although the disease is well characterized in terms of its histology, the pathogenesis remains uncertain. Yet, there have been several studies which have focused on the genetic and immunological implications of DD [5-9, 22, 23, 29, 30, 34, 37, 38, 40, 52, 53] , with much interest into the association between certain human leukocyte antigen (HLA) alleles and disease propensity considering the immunoregulatory role of the major histocompatibility complex (MHC) [8, 15, 25, 29, 32, 55, 62, 65] , (see Table 1 ).
DD is thought to be one of the most hereditary connective tissue disorder, with 4-6% of Caucasians susceptible to this disabling disorder [26] , often causing severe disability [15] . The prevalence also greatly increases with age, with 28% of men affected being over the age of 60 [67] . Furthermore, corrective treatment or surgery is likely to only be sought from patients with significant functional impairment, which could result in an underestimation of disease prevalence. Furthermore, surgery remains the most widely used treatment strategy but with common complications in addition to a high recurrence rate [30, 39] .
There is a male/female ratio as high as 7:1 [57] and a significant racial difference in prevalence [1, 18, 30, 45, 50] . In terms of the genetic aspect of the disease, it is widely accepted that individuals of Caucasian descent have a higher tendency to DD development compared to those of African origin [29, 50] . Moreover, there is a racial difference in prevalence within the Caucasian population [50] with a higher susceptibility of individuals from Scandinavian, Celtic, and Scottish descent [1] . In contrast, people of Southern Italian and Greek descent have a reduced likelihood to develop DD [50] . One explanation for this geographic distribution is the Viking invasions of the British Isles which may have contributed to the genetic element towards DD etiology [50] . As such, the disease is often referred to as the "Viking disease" [45, 50] . However, sporadic forms of the disease are far from exceptional [18, 30] . It has long been noted that a high proportion of patients have a positive family history [40] and are often susceptible to other fibrotic disorders including Ledderhose's disease and Garrod's nodes [22] . Furthermore, disorders such as Ledderhose's disease are often only discovered after they become significant enough to cause pain [22] . As such, the observed link between such disorders and DD may seem less significant than expected. The disease is widely accepted as an autosomal dominant trait [8, 30, 40] . Yet, the generally late onset of symptoms [30] , incomplete/variable penetrance [30, 40] , and variations in disease severity [30] lead to a high number of patients lacking a positive family history [30] . As such, the genetic link with DD may well be greater than observed. This also leads to difficulties in disease gene identification [10] [11] [12] .
The MHC, or HLA system, is a tightly linked cluster of genes (see Fig. 1 ), which regulates intercellular recognition and discrimination between self and non-self with a major role in humoral and cell-mediated immune responses [28] (see Fig. 2 ). The MHC is the most polymorphic genetic system in all vertebrates [15] . Since MHC molecules act as antigen-presenting complexes, the set of MHC molecules which an individual possesses determines the range of antigens to which T lymphocytes can respond [28] . As such, the MHC complex has been a widely suggested factor in disease susceptibility [28] . As an ideal approach to decipher a hereditary component to DD, a number of studies have directed their efforts at identifying susceptibility loci within the HLA system [8, 15, 25, 29, 32, 55, 62, 65] .
The aim of this review, therefore, is to explore the current literature surrounding the area of genetic and immunological associations with DD, giving perspectives on the direction of future research in terms of HLA associations and the possible outcomes and clinical relevance of such research.
Method
Relevant research articles were identified via the systematic search of scientific search engines, specifically PubMed, Science Direct, and Scirus. A number of key search terms were used, including: Dupuytren's disease (DD), fibrosis, human leukocyte antigen (HLA), and genetic linkage. These search terms yielded a considerable amount of literature surrounding the area of research explored in this review, which were then analyzed in terms of results, methodology, and study limitations.
Overview
Numerous genetic associations have been made between specific HLA alleles and various diseases with a suspected immunogenetic and/or a malignant etiology, including fibrotic cancers, keloid disease, sarcoidosis, scleroderma, and hypertrophic scarring. The HLA complex system is one of the most polymorphic systems in the human genome and is, therefore, an ideal target for identification of potential biomarkers of disease [28] . The source of HLA allele diversity differs from that of antibodies and T-cell receptors [28] . Diversity of antibodies and T-cell receptors is a continual process with random rearrangements and somatic mutations [28] . In contrast, MHC diversity does not change over time in an individual, but alleles may differ significantly between individuals [28] , making the MHC complex an even more promising biomarker target.
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Immunogenetic Basis of DD
Much focus has been placed upon the immunogenetic component of DD pathogenesis within the literature. Research has been aimed at unraveling the immunological associations with DD and identification of genetic biomarkers given the increasing plethora of evidence pointing towards a possible inherited aberrant immune response mechanism in DD pathogenesis.
DD has been linked to Peyronie's disease (PD) [22] , a similar pathological condition affecting the penile fascia [22] . The two diseases maybe seen together in the same patient [22, 25] . Connelly [22] presented a case report of a patient who presented with both PD and DD following separate respective episodes of trauma. The patient had a positive family history of DD, with a first-degree relative who developed DD at approximately the same age and in the same hand. In addition, the patient's grandparents had immigrated from Sweden and Italy. Collaboratively, this evidence seems to suggest a genetic predisposition to DD with a common genesis of similar fibrotic disorders. It further suggests that trauma can be the initial causative event which allows for the unveiling of an inherited diathesis for both PD and DD [22] .
Research has identified either positive or negative associations between DD and diabetes, epilepsy, and rheumatoid arthritis (RA) [50] along with environmental risk factors including high alcohol intake and cigarette smoking [53] (see Fig. 4 ). The observed link between DD and diabetes has been correlated to the microvascular related pathological basis of the disease [5] , which in turn could link to the perceived immunological and possible autoimmune element of DD. With this in mind, there is a reported 16-30% increase in prevalence of DD in patients with diabetes [53, 63] . One other hypothesis which may link the suspected immunological and genetic associations with DD is that the inherited susceptibility may increase the tissue's responsiveness to environmental stimuli [18] .
In terms of the immunological features of DD, evidence has persistently suggested the involvement of both T and B lymphocytes in DD etiology [7, 38] . As such, the disease has frequently been termed a "T-cell-mediated autoimmune disorder" [6] . Baird et al [6] observed an increased HLA-DRactivated T-cell infiltrate in DD tissue compared to healthy control tissue. In addition, there are raised levels of IgM and IgA antibodies in DD tissues [34] . Furthermore, Neumuller et al. [52] noted a high number of collagen autoantibodies in DD tissue, further advocating an autoimmune mechanism.
Other genetic association studies with respect to DD susceptibility have provided varying results. Two studies by Bayat et al. [8, 9] investigated possible genetic markers for DD in the polymorphic transforming growth factor-beta 1 (TGF-β1) and transforming growth factor-beta 2 (TGF-β2) genes but found no significant associations. Other possible candidate genes have been suggested, including matrix metalloproteinases (MMPs) and nucleotide olligomerization domain/caspase recruitment domain (NOD/CARD) genes which are associated with tissue remodeling in response to trauma and inflammatory responses particularly following infection [30] . Although DD has been continually referred to as a familial trait, the late age of onset of the disease and reported non-genetic cases may impede such genetic studies [65] .
Evidence that the hypodermis induces the fibrotic response [31] , with observations that split skin grafts do not prevent recurrence of contractures in DD in comparison with the more successful full-thickness skin grafts [31] , may suggest a trauma-induced contracture since the hypodermis fat is thought to be responsible for shock absorption [20] following skin impacts which could also influence the inflammatory response. DD has often been shown to be more common in individuals with chronic hand trauma [41, 48] which highlights the possible role of abnormal wound healing in the etiology of DD [30] . Furthermore, since surgical excision is the major method of treatment for DD, surgery itself may pose a risk for recurrence in terms of increased traumatic insult albeit on an elective basis. On the other hand, it was noted that there was a considerable time lapse between initial injuries to onset of symptoms [22] , similar to that seen in keloid disease which may place some notion on the immune response and atypical inflammation theory of DD development. Additionally, the link between DD and lifestyle factors including alcohol consumption and smoking could be a result of decreased wound healing responses in such individuals [53] .
A family-based linkage-mapping study conducted by Hu et al. [30] of a Swedish family with a five-generation history of DD demonstrated a link between certain wound healing genes and DD. Specifically, several MMPs and NOD/CARD genes, the latter of which are associated with inflammatory responses due to infection, have been found to be linked to an increased likelihood of DD [30] .
Both topical and intra-lesional steroid treatment of DD is often successful in reducing symptoms [47, 54, 61] . Since steroid treatment can increase the rate of apoptosis of the affecting fibroblast [47] in addition to apoptosis of inflammatory cells [47] , this seems to give partial evidence of an immune hallmark of DD. Additionally, the involvement of activated HLA-DR + T cells has been linked to DD severity, since these immune cells have been shown to be increased in patients with both palmar and plantar involvement compared with patients with only palmar involvement [29] . In addition, CD-68 + cells, which are of macrophage lineage, have been identified in DD tissue [37] . Certain cytokines secreted by macrophages such as granulocytemacrophage colony-stimulating factor (GM-CSF) and TGFβ are known to have a role in tissue fibrosis [37] . Conversely, a significant decrease in CD5 + B cells was observed in DD tissue compared to control tissue [29] . Furthermore, autoimmune diseases are characterized by high levels of autoantibodies produced from an excess of CD5 + B cells [4] . As such, DD is rarely seen in patients suffering from RA [3] . However, the production of "natural" autoantibodies in both the case and control populations could alter the results, giving either a slightly reduced or heightened association. However, this study failed to take into account other fibrotic disorders and medical history, including additional treatment other than surgery, which may have affected the results.
Another biomolecular element associated with DD is the abnormal expression of certain growth factors which can cause abnormal autocrine control of fibroblast proliferation [37] (see Fig. 3 ). Such cell growth control factors could initiate the differentiation of fibroblasts to myofibroblasts and also stimulate the production of extracellular matrix (ECM) components [37] , possibly including collagen. Furthermore, cytokines including transforming growth factor-beta (TGF-β), transforming growth factor-alpha (TGF-α), platelet derived growth factor (PDGF), and GM-CSF have all been linked to DD susceptibility given their role in cellular growth [23] . It seems likely that these raised levels of cytokines in DD tissue could stem from an initial immune response. Moreover, these cytokines influence proliferation of endothelial cells, an important process in tissue growth and repair [23] . Meek et al. [46] also noted that TGF-ß combined with mechanical stress (associated with DD prevalence) leads to differentiation of fibroblasts to myofibroblasts, ultimately resulting in Dupuytren's contracture. It is also known that TGF-β is capable of inducing collagen production, as evident in DD tissue [23] .
Observations of raised levels of oxygen free radicals in Dupuytren's tissue [50] may also be suggestive of a local immune response (see Fig. 3 ). Hypoxia can be augmented by ischemia through the action of reactive oxygen species (ROS) [44, 58] , a characteristic of Dupuytren's tissue [50] . Furthermore, reactive oxygen intermediates can also indirectly stimulate the production of several mediators of inflammation [51] . It is speculated that the production of these free radicals causes proliferation of fibroblasts and collagen deposition which ultimately leads to tissue fibrosis [37] , characteristic of DD. Furthermore, hypoxia is also related to progressive restriction of capillaries due to environmental factors such as smoking and age [23, 37] , both of which are known risk factors for DD ( Fig. 4 ). This evidence, therefore, links the free radical hypothesis of DD etiology with the immune concept.
There is also evidence that suggests a therapeutic role of agents which suppress prostaglandins in the inhibition of free radical-stimulated fibroblast proliferation [50] . This relates to the lack of DD precipitation in RA patients since these individuals often have a high intake of prostaglandin inhibitors [50] due to their role in immune regulation.
In light of such strong evidence suggestive of both a genetic and immunological mechanism involved in DD initiation and progression, a number of studies have focused upon the relationship between HLA alleles [13, 15, 25, 29, 32, 55, 62, 65] , in particular the HLA class II loci and DD predisposition [15, 52, 55, 62] following early suggestions that DD may be a genetic disorder [43] .
The HLA System and Fibrotic Cancers
A number of studies have identified specific HLA alleles as susceptibility markers for an increased risk of fibrotic cancers including sarcoma, breast cancer, and renal cell carcinoma. Given the immunoregulatory role of MHC molecules, it has been suggested that HLA alleles may act in the immuno-surveillance of tumors and may be related to oncogenicity [21] . One study by Mann et al. [42] focused upon sarcoma, a malignant tumor arising in supporting structures such as fibrous tissue. A positive genetic link was identified between Kaposi's sarcoma, a type of sarcoma occurring in the skin which is associated with reduced immune function occurring in HIV-positive individuals, and HLA-B35, HLA-C4, HLA-DR1, and DQ-1 compared to a control population. Furthermore, both class I and II HLA alleles have been affiliated to prognosis and aggressiveness of breast cancer and laryngeal cancer [21] . Kaklamanis et al. [35] implicated the loss of HLA class I expression with malignant cell control and elimination [16, 35] , with particular focus upon the prognosis of breast cancer, with expression of both class I and II MHC molecules related to a more advantageous differentiation and prognosis in breast tumors. Yet, Wintzer et al. [68] found no correlation between HLA class I antigenic expression and breast cancer survival. However, the study by Kaklamanis et al. [35] correlated the high incidence of HLA class I antigenic loss with lymph node metastasis in breast cancer patients when compared to primary tumors. Similarly, Cromme et al. [24] demonstrated the increased HLA antigenic loss in lymph node metastases from cervical carcinomas compared to the respective primary tumors. It has been suggested that HLA allele loss on mutated cells results in evasion of the immune system giving rise to immunoselection of such cells [14, 16] . Such findings may give rise to a possible role of the HLA system in immunomodulatory therapy for various cancers in the future in terms of anti-tumor cytotoxic lymphocyte stimulation and vaccination against cancer [16] . Schendel et al. [59] noted the promising effects of immunotherapy in metastatic renal cell carcinoma (RCC). The authors identified HLA-A2 as a MHC restriction molecule in the presentation of tumor-derived antigen to cytotoxic lymphocytes in RCC. The identification of HLA-A2 antigenic complexes which are displayed by various allogenic RCC may aid in the establishment of tumor cell lines which could be used as vaccines in the enhancement of immune responses [59] .
DD and the HLA System-Possible Mechanisms of Association
Given the success of the genetic studies discussed, it seems plausible to investigate possible HLA associations with DD. Although some initial studies rejected the association between DD and class I HLA alleles [32] , more recent studies have identified a positive relationship between class II alleles, in particular the HLA-DR loci [15, 52, 55, 62] (see Table 1 ). One study conducted by Pereira et al. [55] concluded that HLA genotype could influence collagen levels thus potentiating DD development. A high number of patients studied showed evidence of IgG antibody activity to a number of collagen sub-classes [55] . There was also an overall raised level of antibodies to denatured type II collagen; however, this observation was not significant in relation to the control population [55] . Yet, HLA-DR4 was shown to be significantly linked to antibody formation directed against collagen type II [55] . In contrast, this was not observed for patients with other combinations of HLA type and collagen antibodies [55] . Effort was made in order to reduce bias due to precipitation and nonspecific interaction of serum fibronectin (but not other possible nonspecific binding of proteins) with the ELISA assay plate used to determine the DD-associated collagen antibodies by measuring serum fibronectin levels independently for comparison [55] . In terms of the actual HLA typing method used, the method was poorly defined with no evidence of HLA allele sequencing to confirm the HLA status of each patient, a seemingly common downfall of early HLA studies. As in the study by Gudmunddson et al. [29] , the results may have been affected by the presence of "natural antibodies" to collagen [29, 55] in the control group. The observed increase in antibodies to denatured type II collagen in DD have also been associated with other connective tissue disorders [55] , in particular RA. However, in RA, the association is with HLA-DR7 and DR3 [36] . In contrast, Neumuller et al. [52] reported a relative risk of 2.94 of individuals with the HLA-DR3 antigen, the presence of which may confer autoimmune responses and the formation of autoantibodies against certain components of the ECM [23] . In turn, these autoantibodies may also induce the release of pro-fibrotic cytokines by immune cells, including macrophages [23] . These cytokines include TGF-β and GM-CSF which both play a role in fibromatosis [23] . However, the microlymphocytotoxicity test for HLA typing is restricted by a number of inherent limitations. This, along with the limited case numbers used, casts some doubt over the reliability of such early immunogenetic studies, validating the need for studies opting for more sophisticated allele typing techniques in terms of HLA associations with DD.
A study by Spencer and Walsh [62] presented data which suggested a relationship between HLA-DR4, A1, and B8 with DD along with possible haplotype associations. However, these findings did not achieve statistical significance. Results showed that DD patients with the HLA-DR4 antigen often had an associated B12 antigen. Furthermore, the majority of DD patients with the HLA-DR3 antigen were also positive for both the A1 and the B8 antigens. However, the incidence of A1 B8 DR3 haplotype was raised though the incidence of DR3 occurring without A1 and B8 was lowered. As such, this haplotype association with DD could confirm the link to the autoimmune aspect of DD since this haplotype is associated with a number of autoimmune disorders including scleroderma, myasthenia gravis, and chronic active hepatitis [62] . In contrast, the HLA-DR3 positive cases were A1 or B8 negative and were shown to have a possible protective role against DD. On the contrary, this evidence is somewhat doubtful given the low patient number (37) and lack of patient medical history in terms of other autoimmune/ inflammatory disorders, occupational background, reliability of patient data, and the recruitment place of the control group (which may not represent the true population at risk of DD), all of which have the potential to act as significant confounding variables. Additionally, the HLA typing method was unclear with no suggestion of allele sequencing.
The recent study by Brown et al. [15] revealed a significant genetic link between HLA-DRB1*15 with a 2.3 times increased risk of DD development. This HLA locus has also been linked to susceptibility to Goodpasteur's disease, an immunological disorder with characteristic autoantibody generation with an odds ratio (OR) of 8.5 [56] . In addition, this particular allele has been linked to an increased susceptibility to Mycobacterium leprae infection [33] , an infection which causes deformity of the digits [15] . Since leprosy is characterized by a T-cell-mediated immune response [2] , it seems plausible to assume both a genetic and immunological aspect in DD development. However, the study by Brown et al. [15] utilized a commercially available semi-automated typing system which, although allowed for standardization of results, does not permit the analysis of allele subgroups which may have revealed more significant associations to disease prevalence. Furthermore, although the case and control groups were larger than many other comparable studies, the case number (67) still seemed too small to substantiate an unquestionable link between DD and specific HLA alleles, especially given the linkage disequilibrium present within the HLA system.
Discussion
It is apparent from the current literature that there is a likely immune component in the pathophysiology of DD. This is possible given that progressive fibrosis is a complex interaction between molecular and cellular components [37] . In a number of similar fibrotic disorders, inflammatory mediators including macrophages are related to the production of cytokines including TGF-β and GM-CSF in the affected tissues, the presence of which results in cell proliferation, collagen production, and cell transformation, which are all characteristics of DD [37] . Furthermore, downregulation of TGF-β has proven to aid in prognosis of dermal healing given the resulting decrease in macrophages, collagen, fibronectin, and blood vessels in the affected tissues [60] . The exact ethiopathogenesis, however, remains to be fully elucidated with a general lack of conclusive evidence in terms of mechanisms of association with identified candidate genes and the immunological component of DD. This, therefore, justifies the continuing need for research in this area given the physical restrictions this disease has on the patient. The identification of definitive biomarkers could lead to a potential diagnostic, therapeutic and prognostic promise.
The considerable amount of evidence linked to the involvement of immunogenetic predisposing factors, with specific interest into candidate genes of the highly polymorphic HLA loci, in particular the HLA class II loci, seems promising in terms of therapeutic advances given the immunoregulatory role and antigen presentation capacity of these molecules.
In terms of the reported immunological component of DD, an autoimmune response to collagen seems a plausible option as explored by Neumuller et al. [51] . Also, immune cell infiltrates have been observed in the nodules of DD [34] , the early stage of DD development which strongly suggests that an unregulated immune response is, in part, responsible for the initiation of the disease. The identification of the components which act to inhibit the activity of normal wound healing [49] could be of considerable value in the development of novel therapies for fibrotic disorders. With one third of Dupuytren's contractures associated with a positive family history and a clear racial difference in prevalence [62] , it is a conceivable rationale to consider an immunogenetic etiology.
There are a number of limitations which have proven to hinder immunogenetic studies in terms of disease pathogenesis. One major barrier is the lack of an animal model for DD [17] . There remain a number of problems and limitations which need to be taken into consideration during the design and conduct of research projects and in the interpretation of results to avoid the risk of missing subtle but significant clues to disease pathogenesis and to enable the appreciation of the significance of observations thus avoiding the production of spurious associations. Also, it is important to recognize the impact of linkage disequilibrium which can limit the authenticity of allelic associations. It also seems to prove more difficult to define negative allelic associations with protective effects.
In terms of future research, it seems logical to study both the genetic and immunological basis of DD to enable the development of diagnostic strategies and more appropriate intervention methods, since the majority of studies have focused on clinical trials and effectiveness of current treatments. It could also prove beneficial to utilize multicenter collaborations as most studies are limited to one clinical setting.
Justification for such future studies stems from the number of case studies showing evidence that DD often results in significant psychological and physical morbidity. Furthermore, there is a paucity of effective therapeutic options and evidencebased strategies on individual treatments. The capacity for early diagnosis through clearly defined HLA biomarkers could lead to the development of immunomodulatory therapies and would enable clinicians to generate individual treatment plans in susceptible individuals, especially those with a positive family history of DD.
Conclusion
The pathogenesis of DD is not fully understood, though clear evidence has suggested some of the key molecules involved in this complex process. Significant limitations in study design seems to have hampered the progress in this area of research and given the physical burden of DD further research into early diagnosis and prevention is surely justified. There is a clear association with specific HLA alleles and predilection or protection to DD. In particular, the class II HLA-DR loci is the most promising region for a biomarker of DD. Of importance when designing HLA typing studies is sample number, patient confounding variables, and sequencing methods to confirm allelic variants. The ability to accurately perform an assessment of an individual's potential immunogenetic susceptibility to DD may potentially lead to a more personalized approach to their diagnostic, therapeutic and prognostic management in the future.
